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RANGE AND TRACKING ACCURACY OF AN/APG-15B

Abstract

Fliphts to tost the range and traclklpg accuracy of AN/APG-15B
wers made in a TBE-24 hembing plane with variocus planes as
targets. The £ilm record of recdings of radar range disls and
os~1]101copcs wag compared wlth the ﬂnoto-rwpaa of the target
planca taken from the tail of ithe borbere.

Analyeis shovwe that AN/APG-152 measures alr-to-air range

as well cs phetopraphic sightiing doos, the Cld Range Unit
measnring tuhe rangs slightly less accurately than the New
lange Unit. 1% Wd“ establishcd that the tracking or gun
pointing accurecy 13 unaffected by the computer, “rosults with
computer in and computer ocut velng indistingulshable. The
time lag between the turret slight end the indlcator spot was
on the average .31 seconda, when the timo constant of the
system weeg approzimntoly ons ~fourth of a Bacond; with a
smalleor time constant for the systom, appreximatoly one tenth
of a second, the Ing was on the average «13 geconde. The
turrot was slewed in elevetion + 20, + 40 and in azimuth

+ 20, + 49, + 30°, The attemst to esTablish a functional
rolction between scope deflection and target dsflection was
not entirely chceaurul but analysis doos indicate an
approximete linear rcletion.

liigh altltude tests were nct made because of trouble which
developod In the englnes of the bombing plane above 10,000 feet.
Flights over water at 6500 feet, with 2 stationary target

such as a frelignter, were unsuccessful bacauss they ylelcded

no analyzable film,

» T. Bumer

02%

Leader, Group 91.5
20 numbered pages ead, Division

13 pages of figures




RANGE AND TRACKING ACCURACY OF AN/APG-185B

Introductien: Flight Plan

In accordance with plans drawn up on May 3, 1045, by
Group 91.5, flights were made in a TB-24 bombing plane, with cameras
installed to photograph a target plane, radar disls, and
oscilloscopes, in an attempt to test the range and tracking accuracy
of AN/APG-~15B, The plans called for 14 missiona, numbered 1 to 14
inclusive.

Missions 1, 2, 3, 4, to test alr-to-air accuracy at
10,000 feet, were flown end the resulting film analyzed.

Mission 5, to test air-te-alr range sccuracy at maximm
altitude was attempted, but because of motor trouble in the TB-g24
at high altitudes the flights were cancelled.

Misslons 6A, 633, to search for a relationship between
deflection of indicater zpot on tie scope and the tarpget deflectiom,
were flown and the {ilu wes analyzed.

lission 7, to discover the time lag bLetween turret sighting
and indicator spot on the scope, was flown and the film was analyzed.

Missions 8 and 9, toc test pointing accuracy with the
computer in and computer out, were flown and the film was analysged.

Miesion 10, to test alr-to-air ruuge acouracy of the 01d
Ranse Unit was flown. This mission 15 similar to llission 2 and 4.
The film was analyzed.

Mission 11, toc test spot asenalitivity and Jjitter, was flown,
but all film was either Jammed or cverexposed, cnd no analyzable
record was forthcoming.

Mission 12, to discover time lag between turret sighting
and indicator spot on the scope, was flown. This mission differed
from lilssion 7 in that the time comstant of the systom was one tenth
of a second. The film was analyzed,

Migsions 13 and 14, to test range and tracking accuracy
on low altitude flights over water were flown, with the target a
smll freigaoter ship. No analyzable film was forthcoming.
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I Missions 1, 2, 3, 4 ¢ Alr-to-Air Range Acouracy

The air-to-air range accuracy of AN/APG-15B was studied
in a series of flights with cameras inctalled in a TB-24 bombing
plane. The target or pursuing plane was an FM-2, and both planes
were f1lying level at 10,000 feet. Runs were made at closing rates
of 25, 50, 756 and 100 miles per hour, with the TB-24 flying at
180 miles per hour. Flights were made at Bedford I"ield from
June 15 to September 15, 19456,

To photograph dials and scope, GSAP (Gun Sight Aiming
Point) cameras N4A (24 volts), modified to use Wollensak 17 mm, lens,
were used. The tall camera was a OSAF camora with 3-inch lens for
photographing the targat with larger image than 1s posalible with a
38 mme lens, and with a red filter for emphasizing contrast between
the image of the target plane and the background. Tho larger image
and the clcarer cutlinss permit more accurate measurerent.
Synchronizatlon 5f the several cameras was accomplished by the use of
& coding box, especinmlly desl;ned for USAP cameras, that employed a
constant speed motor and a goar reduction hox fitted with a cam that
actuated a microswitch. This switoh energisod a relay which
controlled the over-irun indicators in the camercas. The installk tion
of these secveral improvements did much to improve the results of the
analysis by periltting rmore accurate measurerents of the imge and
by making synchronlzation easler to obtalr and better.

Photographic range data werc obtsinod by projecting the
pictures taken by the nose camera ond meanuring the distance between
two fiduclary marks on the Fil-2 target plane. These marks were
two white 1lines palnted on the wings of the plane and the dlstance
was measured from center to center. '"he distance from the center of
one wing strine to the center of the other on the actual airplane was
taken as the mean of eight measurements made by four different
persons, accurate to four significant figures. For the Fli-2, this
distance was 28.27 feet. Camera range wns then calculated from the
formula R = o= , whero R 1s range in jards, T is 28,27 feet, w
is the length of the image in inches (measured to 1/64 of an inch),
and K 1s a constant which (in theory) depends on the focal length
of the camera lens, the focal length of the projector lens, and the
distance betwoen the projector and the screen. Actually, K was
found by measuring carefully the projections of ground objects of
known slzo at !mown distances. The calibration data were graphed
on a large scale, and photographic range was interpolated from the
calibration curve,

Radar range was read directly from the pilctures of the
range dlal.

Lrrors due to measuring, foocussing and calibration for a

target 25 feet long were lnterpolated from graphs in "Errors in
Optical hange Determination™ by P, R. Halmos, Report #91,5.
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Range in yarda

1000
960
200
850
800
750
700 14
6560 12
600 10
860 8
500 7

The results of lilsaions 1, 2, 3, 4 are as follows:
iilssion 1, closing rate 25 miles per hour,

Film Numbers Runa Comparable Range in Yards Error

260 = 610 From 870 to 662, errors A.E.?
260 = GE3 1 923 to 850, " n
670 = 300 970 to 692, "

260 = 737 $97 to 361, "

260 = 750 1010 to 542, "

260 = 723 €83 to 2568, "

2€0 = 750 " 1010 to 325, "

260 = 764 1024 to 333, "

F-268, F-306 1 &70
923
970
P-241, =219 2 057
1010
=243, F~206 283
F-194, =216 1010
1024

Tho statement, "Differences are lcss than allcwable errora",
means that, except for one or ot the most two readinpgs, the differences
are less then the erro»s allowed for measuring, focussing, and
calibrating, acecordina to Holmos'! "Error Study®,

¥or closing rate of 25 miles per hour, radar range and
photograplile »ange can be compared from V3 yards to 31l yards, a
distance of €62 yards. On the averspe, from a distance of €73 yards
to 503 yavda, & %totel of 470 yards, the differences between radar
range and photographic range are lesc than the allowable errors,
Percentage error allowed decreases from 2.5 at 1000 yards to l.4
at 500 yards, The systematic arrow, 1.0,, the mean of the
differences hatween radar rarge and photogrezhie range, 1a 17,9 yards.

Iilssion 2, closlng rate 50 miles per hour,

Fllm Numbers s Cornparable Rango In Yards Error

12

pee

989 « 260
€45 - 260
946 - 260
968 - 230
946 - 260
901 260
9356 - 260

F=320, F=197 699 From 869 to 530, error«A.E.
385 - " 045 to 764, " n
6386 045 to 655,
698 068 to 616,
685 946 to 580,
c4l 901 to 579,
676 935 to 331,
023 250 = 663 €23 to 343,
0983 - 260 = 723 083 to 331,

# Allowabla errcr. a876=3

"
n

F-314, F-241
n

F=-204, =280

R0 H &1 20 L O+
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For cloaing rates of 50 miles per hour, radar range and
photographic range can be compared from 944 yards to 260 yards, a
distance of 684 yards. On an averare, from 944 yards to 514 yards,
a total of 430 yards. Differcnces are less than the allowable
error. Per intage error allowed decreases from 2.4 at 950 yards to
1.4 at 500 yards. The asystenmatic error is 8.7 yards.

Misaion 3, closing rate 75 mlles per hour.

Film Numbers Runs Comparable Ranjye in Yards Erropr

800 - 260 = 640 From 800 to 467, error< A.E,
881 - 260 = 821 " g4l to 374, " L
841 260 = 681 All errora

870 - 260 = 610 " 870 to 500,
802 - 260 = 642 802 to 520,
869 -~ 260 = 609 869 to 485,
841 - 260 = 581 841 to 598,
8569 260 599 859 to b25,
802 - 260 = 642 802 to 386,
902 260 642 002 to 343,
923 - 260 = 663 840 to 363,
034 - 260 = 674 834 to 368,
012 - 260 = 652 812 to 379,
890 - 332 = 568 800 to 366,

F-261, F-307

F-316, F-209

P-220, F-254
F-223, =249

1l
2
3
4
1
2
3
4
1
2
1l
e
3
4

| I N D I D D D R RN D T B
unpuepureHEUUl
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2333 a3z333333
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For closing rate of 75 mlles per hour, radar range and
photographic rangec can be compared from 879 yarda to 266 yards, a
diatance of 614 yards. On an average, from 879 yards to 424 yarda,

a total distence of 4565 yarda, diffcrences are less than the allowable
errors. Peroentage error allowed decreases from 2.3 at 900 yarda to
l.4 at 500 yards. The systeratic errcr is 6.7 yards.

Miasion 4, closing rate 100 miles per hour.
Fllm Numbers Runc Comparable Range in Yards Error

590 From 850 to 336, error<A.E,
620 " 880 to 330, " <« "
504 " 764 to 343,

606 " 865 to 314,

590 " 850 to 402, "

F-243, F-206 1 850 - 260
2 880 - 260
3 764 - 260
F=-220, F-264 3 8656 - 260
4 860 - 260

For closing rate of 10C milea per hour, radar range and
photographic range can be compared from 842 yards to 260 yards, a
distance of 1582 yarda. On an average, from 842 yards %o 365 yards,
a total distvance of 487 yards, difforences are leas than the
allowable orrorc. Poercentage error zllowod decreases from 2.2 at
850 yards to l.4 at 500 yards. The systeratic error is 3.6 yards.

Thirty-six runa were made and the resulting £ilm was
analyzed. In general, the tall camera photographed the target plane
at 950 yards sufficiently distinctly to provide a measurable image,
and photographed it well up to 200 yards; the radar dial regiatered

876-4




range from 1000 yards up to 260 yards, where invari: bly the dial
stuck. The range over which the two measuremsnts ¢ uld be c¢ompared
was about 640 yards, Over a renge of approximately 450 yards of
thls distance, the differences between the range re .dings of the
radar dlal and calculations of range from photograpns of the target
plane are less than the allowable error in measuring, focuasing, and
calibration., The duration of the runs wes of course inversely
proportional to the closing speed, from 20 to 30 seconds for the

26 miles por hLour speed, and from 6 to 8 seconds for the 100 miles
per hour specd. The results indicate that Al/APG-15B measures
alr-to-alr rango as well as 1t can be determined by photographic
methods. 48 the closing rate inciccases, the eystemtic error
deoreases. For phntographlc range of 400 yards and less, the
differences betwoon radar range and photographlic range are slipghtly
greater than the allowable errors,

Graphs showing radar range and photographic range for ench
closing rate are included in this report.




T




X-728I1-A




-7272-8

X




i

3

T
i
3

:

13313388

| $3334 83341 13840
98888128884 rassecntas s

X-7276-B

18334 $3351 54
3488881 828383 41

T

TR




s Alr-to-Alr Range Accuracy, 0ld Rango Unlt

Flighte woro made to check air-to-211 range accuraoy of
the 0id ltango Unit mnd the resulis were comparcd with those of
Missions 2 and 4, the air-to-eir range tests of the New Range Unit.
By 0ld Range Unit 1s moant the unit reoferresd to in Radiation
Laboratory Repwt 1M-215, Appendir A, with modifications a and b; New
Range Unit 1s modol CP-BC.

Closing rate 5M miles per hour.

FP-432, =400 Run 892-260
901-260
924-260
974-260
F-415, =423 923=-260
901=-260
£12-260
901-260

632 892 to 538, error callowable srror
641 201l to 597, "
644 024 to 726,
664 924 to 534,
663 023 to 726,
641 901 to 662,
€52 812 to b41,
641 901 to 449,

Ll O Y NS

From 90¢ yardes to 294 ynrds, a distance of 615 yarde, on the
averangn, tho tvo ranpes viers oomparable. Difforences between the
ranges were logs than the allowable error for only a short distance,
from 209 yords to 621 yards, a distance of 288 yards. The syastomatic
orror 1s 12,3 yards.

Closing rate 10C miles per hour,.

580 840 .o 550, error«allowable errar
620 aone

736 none

€52 none

662 very few
686 946G to 668,
620 8680 to 833,
5989 869 to 679,
590 850 to 444,
562 very few
568 800 to 332

Fe4l4, F=412 Run 1  840-160
£880-260
996-260
012-260
912-260
9656-260
880-260
859-26C
850-250
522-260
890-322

F-438, I'=190
F-438, [-190

gy nny

433233

O OV le LID0 B Tl s 02 DD

From 890 yards to 267 yarde, a distence of 623 yards, the
radar range and the photographic ranpge could be compared. Differencea
betwecn these wero loss than the allowable errors for only 160 yards,
from 89¢ yards {o 730 yards. The systematic error 1s 12.2 yards.

Lrrors due to measuring, foocussing, and calibrating are a
function of range. To compare tho rosults of lission 10 with those
of Misslone 2 and 4, 1t 1s nocossary to compare differeonces at
approximately tho name range. The table immediately following gives
differences fcy both IMlssion 10 and 2 at €50 yards, 800 yards, 700 yards,
600 yards, and E90 yerds,




Clooing rate, milea ner hours.
i on § 'iisaslon 10

Range in yards laan er in ean error 1n yorda Allowable errcr
in yards

850 8. 13,1 1
800 9.2 13.6 17
7G0 10.2 12.8 14
600 Tel 11.9 10
500 10.5 14.1 7

Cloaing rate, 100 miles par hour,
lMission 4 Hission 10

Range in yards lean error in yards Hean error in yards Allowable error
in yards

860 €.6 14.1 19
800 13.8 19.7 17
700 10.2 11.8 14
600 9.4 18.2 10
8§00 5e4 14.6 7

Aecordlng to tho normal curve, only the differences at
600 yards and 600 yards, closing rate 100 miles per hour, are
definitely oipnificent. Iliowover, the moan errors for the 014 Range
Unit (Missilon 10) aro always greater than the mean errors for the
New ilango Unit. Tests and subsequent analysis for the two mmits
wero carrled out under conditions as nearly alike as possible. Both
units measure range woll, but the Now Unlt measures ranre more
accuratcly than the old unit.

If we acgume that the photographic range data are wrong
by the largest emounts posesible bscause of measuring, focussing, and
calibrating, and add theso amounts to the differences botween radar
range and photographic range, the resulting errors are in general
not greater than 30 yards, particularly for the New Range Unit. The
AGS (Alrborne Gun Sight) system has boor conaidered successful if the
error is not greater than 30 yards.

Closing rate, 50 milen per hour.

Range 1n yards Illean crror plus allowable lNean error plus allowable
errol. error.

850 273 32.1
800 26.2 350.6
700 24.2 26.8
600 17.3 21.9
600 17.5 21.1

875-"




Clonf 1 ) miler
kission 4 fiicslon 10
ltange in yards MNesr oivor plus »ror plua allomatle
eryror., CIrrae -

8560 2045 33.1
800 30.8 6.7
700 24.2 £25.8
600 19.4 26.2
600 12.4 21l.6

In Kijsstons 1, 2, 3, 4, and 10 adjustnents in the range
boacaiize of the time lag ‘n theo radar system would tend to bring
the radar range closer to the photographic range.,

Urapns showlng radar ravge and vhotographic range for both
closing rates are included In $his target.
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111 miassion 7 : Time lag botween Indicator Spot und Turret Sighting

In a tost desi-ned to meaaure the time lap between tho
turret asligrht and the indiecater apot of the scope, cameras wore
installed in the TB-24 borbing plane and the target plane used was
an AT-11. The tail carnicra was nounted cn the gin. The turret was
slewed in azimuth tlirouszh + 20, + 4°, 4 300 and in elevaticn through
+ 20, 4+ 40 at threoe¢ rates of speed: slow, medium, and fast. lledium
Tate of slewing corresponds approximately to the average aim-wander
period. The time constant of the radar system vas approximately 1/4
of a socond. (See Appendix)

Several runs were not analyzable bscauce of tad coding. The
results of thoe analysis were graphéed with time on the horizontal axis,
amplitude on the vertical. The time lag wae found by measuring the
horizontal distance hetwoen the polnta on the target curve and the
scopo curve in the samo phase whore they crossed the time-axls, and by
the horlzontal distanco between the maxirum points and rminimum points,
and averaging the recdings.

Film No. Run Tracking Averapge Time lag

slow, + 2° elovation «26 seconds

Tgs SN=b
St SN-6
nedium + 2° elevation +31 seconds

fast + £0 elovation not analyzed
Te Si-1 nlow + 40 eclevation not analyzed
53 SN=2
Ty SH-3
Sg GN-4

modium + 49 eloevation «30 seconds
fast + 4° elevation .25 seconds
slow + 2° ozinuth +34 seconds
medium + 2° aginmuth +35 meconda
Ts SK=5 fast + 29 azimuth +20 seconds
53 Sl'=6
T: SK-1
St Sii=2

T; sN-9
St SN-10

slow + 40 azimuth +«43 seconds
rmedium + 4% azimuth «36 seconda
fast + 40 azinuth not analyzable
slow + 300 elovation +«28 seconda
medium + 30° elovation .28 seconds
fast + 300 azimuth not analyzable
fast elavation typloally «31 seconds
bad tracking

azimuth phasing off 10° «31 seconds

in clockwire direction

HEQAWOWNDKH HARDH S D

Tg Sk-11
8 Sk-14

0

lledian Time Lag = .31 seconds
lNean Time Iag = .31 soconda

There scens to be no appreciable difference for different
ratcs of traeking, or for differcut ways of slewing, the total range
of time lag bolng from .26 seconds to .43 seconda. The test
indicatcs that the scope indlcator spot lags in time .31 seconds
behind the target imaje.
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IV Misslon 12 12 Lag betvoen Indicator Spot and Turret Sighting,

. -

Differenc Tive Censtant

Mission 12 wae sinilar to Ilasicn 7 except that the time
conatant of the radar sysiecm vas one tenitlh of a second annroxirmtely.

111lm lig, Run Teeeltina Averace Time Lag

Te F-17¢ slow -+ 2° elevnticn .08 seconds
by F=160 wmediuri + £° elevation +12 soconds
fast + 70 elevation .18 seconds
slow + 47 elsvabtlion +13 seconds

Ts =177
g F-l64 fant + 49 elovaticn .10 seconds
Te P-176
F-160 feat + 2° azimuth .13 seconds
slow + 4° azimuth +19 scconds
fest + 4° azlnuth .11l seconda
Ty =177 typically bad tracking seconds
3 300 agimuth
Gy =164

Median Time ILag .13 ceconds
L'ean Tino Iag 213 soconds

Agein there socng to be no appreclable difference for
different rates or for cdifferent slewing. The total rango of time

lag is from .08 seconds tc .10 scoonds. The test indicates that the
scope Indilcator spot lags in time.l3 seconda behind the target image.
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V Minaions 64, 63 1 Ifinaenrify of Seope Deflection

The purpceo of Misalons €A, €3 was to search for a
functional relationship between the defloction of the indicator
spot on the radar scopo and tho deflection of the photographie
sighting point, wher AN/APG-15B tracks a target airplane at a range
of from £00 to 10C0 yards, altitude 10,000 feet. Theo anpgle of
deflecticn of the targot is tho sngle betwoon the lino of gun sight
and the lino of sight to the targot; the doflection of the scope 1is
tho anglo batween tho line from tho cumera to tho center and the line
to the pip on tho scone. (Ses ¥igure 1) This anple is measured by
the distance from the borosicht point to the target, and for the
scope by tho distance from the coenter to the pip. These distancesa
were moasured fer cvery elghth frame, i.e., for every half-second of
the buret, and the mean of these distances was taken as the
measure of the doflection. Oinhting anples of 29, 49, 6° in
diroctions 12 o'clock, 3 o'clock, 6 o'clock, O o'clock were used,
Boresight points werec sct in 1r'iipht.

Missions OA, 6B differ cnly in that different indicator
amplifiers wero usod In 21 offort to offsct the possible bias of a
single indicator amplificr.

Results saeem to show that tho scope deflection 1sa
approxirately a linear function of the target defloction. See
Filgures 2, 3, 4, 5. In thoso fipguros, defloections at 12 ot'clock
were taken as positive, those at 6 o'clock as negative for each
siphtingy anzlo; aimilarly for deflecticns at 3 otclock and at € o'clool.

Results of the tests follow.

6A
Set Argle Target Deflection Scope Deflection
(1:aches) (inches)

12 otclock 78 2.58
Not analyzablo Not analyzable
2.81 1.83

3 o'clock +86 1.96
2.61 2,72
2.83 4,06

6 ot'eclock 1.09 «62
1.98 2.70
3.19 3.69

9 ofclock Not analyzabls Not analygable
1‘61 5.19
'Cs 5.67




set Angle fychd "1 Gcope Deflection
’ (incher)

12 o'elock 1.22
«84

2.09

3 otclock 1 1.26
1.54
2.83 3.04

1.23 54
1.86 1.13
3012 2.08

o 0'clocl: 1.59 -95
ot analyzabls Not analyzable
2.85 2.70
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AN/APG-158 TB-24 TESTS
DEFLECTION ANGLE
MISSION 6

12 0'CLOCK

BORESIGHT
POINT

9 0'CLOCK

6 0'CLOCK

CAMERA EYE FIG. 1

NOTE: « IS THE ANGLE OF DEFLECTION
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Recapltulation:

Total range

Target Scope

Computer in Computer out Comhutoer in Computer out

meanC =1.25 mean({J=1.20 meanT = (67 meand = ,65
= ,2) a5 = .28 U5 = .18 So— = .16

c.p.e.=1.45 in. Coellelys =1l.41 in. CeDeCo= «78C in. CePe@e= +7G5 in,
n =11 n = 10 n = 11 n = 10

Partlal range, €00 to 400 yurda,

Target Scope

Computer in Ccumputer out Computer in Computer out

meanG =1.00 meang =1,09 mean3s= .68 meany~= o567

96~ = .15 OG— = .27 T = W16 g = .17

CspPe@.=1.18 in. CeDe0,.=1,28 in, CeDe®e= o683 Ine CoLe0s= 4671 in,
n = 9 o = @ n = ] n = o

The dlfferences 1n standard deviation for computer in and
for computer out are not sirnlficant acecerding to the normal curve,
for both targot and scope. Traclkln accuracy is not affected by the
computoer.
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VI Mlssious Band ¢ : Tracking Acet vs Computer In, Computer Out

In a serlec cf teats designed to deternine hew much the
computer affected the treckinz (gun pointing) accuracy of AN/APG-153,
flipnts wore mado In tho TB-34 bombing plane with a Navy plane F-¢F,
No. 298, as targct. Starting at & distarnce of from 800 to 1000 yards
from the bomber, the target plane made S-turns, crossinpg over the
course at 300 at a renge of 400 yarda. ''1th computer in, 11 runs
wore cnalyzable; with computer out, 10 runs,

The record wnun analyzed for the whole ranre, up to 1000
yards, and also for tha span from 800 yards to 400 yards. Photo-
graphic range wae celcvlated by measuring the total wing span of
the irmgo of the F-6F and by following the procedurc described
briefly in Mlasions 1, 2, 5, 4. (Actusl wing span of the plane vas
42,83 feet.) Coordinates of the ceniral point of the nose of the
F~6I" plana (deternined Ly inapcction) wore meaaured from the axes
intersectinz at the beresight point. From thesc measurenents an i1deal
reforence point was computed and deviations were calculated from 1t,
Allowable percentago orrors Tor neasuring, focussing and calibrating
are 2.4 at 1000 yoxds, 2.0% at 800 yards, 1.3% at 500 yarda.
Standard devlatlicna forr elcvotion and azimuth were found from the
formula = = 1.2533 11.2.0. {(mesn nbrolute error) and standard
deviatlons for target end scope were found by use of the formula

” -r

r—-
<= . Sat s da,® « Thoe c.p.c. {(circuvlar probable error) was found
I +Ca,

from the formula Cepe0s = 1,1774 0=, Percontage error in measurement
of w, wing spun, is dw 3 g§ where R 1s range.
w

dw _
wo = 9487 9% (Helmoa! Errcr Study)

For T R25 feet % _error in w

500 1.33
600 1.58
700 1.90
800 2,02
900 2.21
1000 2.37
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Appondix

I a aystcn Lo descrited by a linoar differentinl equation

of the form (1) X .g_:_\. + )\= f,.._) , Wners N = X(t) is the

amplitude of the moticn ef the »ip on the scope, f{t 15 a function
approprilate to the aystem, and K !'a a conctant called the time

conatant, a physleal meznine in readily ascrlbed to K. f£(g) might
well bs the A A4 wherg MM 1s the amplitude of the motion of the

image ol ths dt target. OHuppese £(¢) = 0. The equation

(2) K AN + A =0 yields the general solution \ = >\ o ® -4/X >
1t

where)\o is the amplitude on the zcope for t = 0. When t =K,
>\= )\c « That $a, the tinec constant X 1s the valuc of t for
which ° the amplltude 18 the original amplitule divided by e.

The grzphz of readings for Mlssiona 7 and 12 sheow that the
motion is roughly sinuscidal. Aszuning that the motlon is sinusoidal,

let £(t) = sinvy t where uy la 2T £, vhere £ 1s the freguency. The
iffercuth 1 eguation takes the Torm

(3) K. 9N +N = #fn w ¢t
dat
The general asolution of (3) is tho sum of the general solution of
the homogcneovs cquatlon (2) end o particuler solution of (3). Let
=B sin (Wt - ¢ } where E and q) are constants of bte determined,
Then K_f:_‘.;h. +>\= B rk\ucoa (Wt -¢ ) + sin (Wt -d)ﬂ = 8in Wt
—

=B Ef)cosd)- sin @cos«gt + 3 E(,Qsin(b+ con ﬂsinu';t
(4) B[kwcos(\? - sinq‘_)j y)
(6) B Lku.)sino? + cos \U =1
isquation (4) ylelds tan ‘P k wWand Equation (5) yielde B = 1l
' V1 + K2W 2
The general soiuticn of equation (3) 1is
sin Eu)t - tan! kLg_}]-r c o -t/K ,

where € is an arbitrary constant,

876-19




In Mlacteons 7 rnd 12, itho %tipe lag weasured is X' =P/
as 1s enclly eecn from the fimetion sinw( ¢t = @/ ) in which th:

phift in time 1: 4’ Jus o ‘hen CP =K'wWand X = o .

This fermula estatliches o relatlonship between K, the time constent
ol the systen, and L', the time lag, for the linear, sinusoldal

gyutem,
{v 5
how, fan (L'wW) = (K'W ) + htw) + E(K'W)s + ses Which
’ —— .
16

3
convergns for -772 LR w<'7T/ 2e

K=kt + B% w2 LoxPwt o L TV2ckweT

Bt e amegmn e 2w

KJ 15

It 1s clear that X> X! and for smll valuas of K'W K is nearly
egual to Kt',

C. T, Bumer
November 30, 1945
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